In2Te3 thin films were prepared by thermal evaporation technique. The composition of the films is checked by energy dispersive X-ray analysis. X-ray analysis showed that the as-deposited In2Te3 films as well as films annealed at temperatures ≤ 473 K have crystalline structure. The ac conductivity σ a c ( ω ) , t h e d i e l e c t r i c c o n s t a n tε 1 a n d t h e d i e l e c t r i c l o s s 62 o f I n 2 T e 3 f i l m s were studied in the temperature range 303-373 K and in the frequency range 100 Hz-100 kHz. The ac conduction activation energy ΔEσ (ω) was found to be 0.065 eV for the as-deposited films. The ac conductivity was found to obey the relation σac(ω) = Aωs, where s is the frequency exponent. The obtained temperature dependence of s is reasonably interpreted by quantum mechanical tunneling model. Both the dielectric constant 61 and the dielectric loss ε2 increased with temperature and decreased with frequency in the investigated range. The frequency and temperature dependencies of σac(ω), ε1, and ε2 for the annealed samples have the same behavior as that for the as-deposited samples. However, values of σac(ω), 61, and 62 measured at any frequency and temperature increased with annealing temperature up to 473 K. It was found also that ΔEσ (ω) decreased with annealing temperature.
Introduction
Although many recent works have dealt with AIII2BVI3 compounds with A = Ga, In, Tl and B = S, Se, Te, their properties remain rather confusing. These compounds have mainly zinc-blende and wurtzite structures with tetrahedral [1] bonding. They are the simplest types of defective structures in which some of the crystallographically equivalent sites are only partially occupied and that the lattice has vacant sites [2] . The presence of a large number of defects destroys the periodicity of the lattice and distorts the crystal field. Therefore, the semiconducting properties of these materials should be strongly affected by annealing which increases the degree of ordering and hence affects their physical properties.
In 2 Te3 is a member of the above-mentioned compounds, has two phases (α and β) [3] [4] [5] [6] . β-phase has a zinc-blende structure [7] which is characterized by a completely random distribution of the metal ions in their sublattice. It can be transformed to the ordered state (α-phase) as obtained by Kosevich et al. [8] . Zahab et al. [9] have shown that an appropriate annealing of In2Te3 films leads to a polycrystalline β-phase with a preferred orientation in the [111] direction. Several authors investigated the electrical properties of In2Te3 thin films [9] [10] [11] [12] [13] . Papers on the ac conductivity and the dielectric properties of In2Te3 are rare.
Measurements of ac conductivity of chalcogenide semiconductors have been extensively used to interpret the conduction process in these materials. For the mechanism of the ac conductivity, the quantum mechanical tunneling (QMT) model was proposed by Pollak and Geballe [14] to interpret impurity conduction in n-type silicon.
This work is aimed to investigate the temperature and frequency dependence of the ac conductivity and the dielectric properties of In2Te3 thin films of different thicknesses. Also, the effect of annealing at different temperatures on these properties has been investigated. The results are discussed on the base of QMT theory of ac conductivity.
Experimental technique
In2Te3 was synthesized [13, 15] by direct fusion of stoichiometric amounts of indium and tellurium (purity 99.999%) in an evacuated sealed silica tube (10 -5 Torr). Thin films with different thicknesses of In2Te3 were obtained by thermal evaporation of the investigated composition onto cleaned glass substrates. X-ray diffraction technique was used to investigate the structure of the investigated films, using Philips PM 8203 diffractometer. The chemical composition of the obtained films was checked by energy dispersive X-ray analysis (EDX) using scanning electron microscope (Joel 5400). For dc and ac measurements, films were sandwiched between two Al electrodes. The resistance (R) was measured using an electrometer (Keithley model 616). The dc conductivity σdc is related to the electrical resistance by the relation where d is the thickness of the film and A is the cross-sectional area. The dielectric constant εl, the dielectric loss ε2, and the ac conductivity σ ac were measured using programmable automatic RCL meter (Philips PM 6304) which measures the impedance Z, the capacitance C and the loss tangent (tan δ) directly. The dielectric constant εl (real part of the dielectric constant) was calculated using the relation [16] where Cx is the capacitance of the sample, A is the cross-sectional area of the parallel surfaces of the sample and ε0 is the permittivity of the free space. The dielectric loss ε2 (imaginary part of the dielectric constant) was calculated using the relation [17] According to QMT model, the ac conductivity σac(ω) is related to the density of states N(EF) at the Fermi level by the following equation [19] : Table. It is clear from Table that N(EF) has values in the order of 10 19 eV-1 cm -3 which decreases with the frequency and increases with the temperature.
The variation of the dielectric constant εl with the frequency at different constant temperatures for In2Te3 film with thickness 220 nm as an example is shown in Fig. 3 . The dielectric constant ε1 decreases with increasing frequency. This decrease is more sharp at lower frequency and higher temperature and can be attributed to the fact that, at low frequencies, εl for polar material is du n e to the contribution of multicomponents of polarizability [20, 21] (electronic, ionic, orientational and interfacial polarizability). When the frequency increases, the dipoles will no longer be able to rotate sufficiently rapidly, so ε1 begins to decrease approaching a constant value at high frequencies. This value is due to interfacial polarization and is typical of nonpolar material.
It is clear also from Fig. 3 that the dielectric constant ε1 increases with the increase in temperature for all the investigated range of frequency. The increa e in 
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In (w) ε 1 with the temperature is more clear at lower frequencies and can be attributed to the fact that the dipoles in polar material cannot orient themselves at low temperatures and the orientation of dipoles is facilitated when the temperature is raised which increases the value of the dielectric constant εl. The variation in the dielectric loss ε2 as a function of temperature and frequency is similar to the results obtained for the dielectric constant εl, but the decrease in ε2 with the frequency is higher at low temperature. This is clear from Fig. 4 which represents the relation between the dielectric loss ε2 and the frequency at different constant temperatures as ln(ε 2 ) vs. ln(ω) for a thin film with thickness 220 nm as an example according to the relation [22] ε2 = Aco m, (9) where A is a constant. The power m was calculated from the negative slopes of the obtained straight lines of Fig. 4 for different temperatures and is represented as a function of temperature in the inset of Fig. 4 . It is shown that m decreases linearly with the increase in temperature. It is also clear from Fig. 4 that the dielectric loss €2 increases with temperature. This increase is more clear at higher frequencies and can be explained by Stevels [23] who divided the relaxation phenomena into three parts: conduction losses, dipolar losses and vibrational losses. At low temperatures, conduction losses have minimum value since it is proportional to σlω and σ increases with increasing temperature, so the conduction losses increase which increases the value of dielectric loss C2.
Effect of annealng
To illustrate the effect of annealing on the ac electrical conductivity and the dielectric constants ε , ε2 of In2Te3 thin films, several films of In2Te 3 with different thicknesses were annealed at the temperature 373, 423, and 473 K for four hours. X-ray diffraction patterns indicate that In2Te3 thin films annealed at 423 K and then at 473 K have a polycrystalline structure and the degree of crystallinity increases by increasing the annealing temperature as shown in Fig. 5 . During the process of annealing, the atomic orientation to the planes of the as-deposited In2Te3 becomes easier and besides, more reflecting planes appear indicating polycrystalline growth associating the full crystallinity of the investigated films. Results of careful analysis for this pattern together with JCPDS card no. 33-1488 indicates polycrystalline nature of β-In 2 Te3 . The composition of the annealed investigated films was checked by energy dispersive X-ray (EDX) spectroscopy and it was found to be the same as that of the as-deposited films.
For annealed films of different thicknesses, no distinguishable changes in the ac electrical conductivity, dielectric constant εl, and dielectric loss ε2 were observed for films annealed at 373 K in comparison with the as-deposited films. However, the films annealed at 423 and 473 K show significant variation. The variation of ac conductivity with the annealing temperature is shown in Figs. 6 and 7 . Figure 6 shows the frequency dependence of σac(ω) for film annealed at values of s show that it is independent of the thickness, measuring and annealing temperature, and have the same values as that of the as-deposited films.
The temperature dependence of σac(ω) for In2Te3 film with thickness 300 nm annealed at 423 K is shown in Fig. 7 at different constant frequencies. It is clear from this figure that σac (w) for the annealed films increase linearly with increasing temperature according to Eq. (8) . The calculated values of ΔEσ (ω) are found to be independent of the thickness and frequency in the investigated range. Its average value is found to be 0.054 eV and 0.043 eV for films annealed at 423 and 473 K respectively and this means that Eσ (ω) decreases with increasing the annealing temperature and this is due to the increase in the degree of crystallinity to a more ordered state by annealing. It is also clear from Fig. 8 that σac (ω) increases with the increase in frequency.
The calculated values of N(EF) for films annealed at 423 and 473 K are listed also in Table. It is clear that N(EF) increase with the annealing temperature at any frequency.
The change of the dielectric constant εl and the dielectric loss 62 with the annealing temperature is shown in Figs. 8 and 9 which show the frequency dependence of the room temperature εl and 62 for In2Te3 films with thicknesses 300 and 240 nm respectively annealed at different temperatures. It is clear from these figures that εl and 62 increase with annealing temperature at any frequency and decrease as the frequency increases. This is also attributed to the increase in the degree of crystallinity. In (w) Fig. 9 . Frequency dependence of the dielectric loss ε2 measured at room temperature for In2Te3 film of thickness 240 nm annealed at different temperatures.
In conclusion, the data of ac conductivity and dielectric properties for as--deposited and annealed In2Te3 films can be explained on the basis of the QMT models which assumed that carrier motion occurs through quantum-mechanical tunneling between localized (defect) states near the Fermi level.
